To determine the number and conguration of canals in permanent lower rst molar by cone beam computed tomography (CBCT).
INTRODUCTION ermanent mandibular rst molar
Perupt at the age of six to seven years and its root completion occurs after two to three years. Lower rst molar has ve cusps and has a root trunk which divides into mesial and distal roots. Rarely, it exhibits three roots where the mesial 1 root has buccal and lingual branches. Among all human teeth, the lower rst permanent molar is commonly affected by caries and usually needs restoration 2 and root canal treatment at early age. The incidence of caries in rst molar is 3 55.6%. This is due to the early eruption of mandibular rst permanent molar. This is rst one in permanent dentition to erupt and that's why more prone to 2 cariogenic insults. There are different causes of root canal treatment failure which include decient cleaning and sealing of canals, inadequate coronal restoration and missing of canal due to two dimensional images. Various procedures were undertaken to nd out the number of root canals e.g. decalcication method, periapical r a d i o g r a p h , s p i r a l c o m p u t e d t o m o g r a p h y, s c a n n i n g e l e c t r o n microscopy, cone beam computed tomography (CBCT). The disadvantage of decalcication method is formation of opaque area owing to incomplete dehydration and air drying. Periapical radiographs are two dimensional 4 i m a g e s . T h e s p i r a l c o m p u t e d tomography method provides three dimensional image but the major limitation of this method is high 5 radiation dose (1.34mSv). The l i m i t a t i o n o f s c a n n i n g e l e c t r o n microscopy is the potential for artifact p r o d u c t i o n d u r i n g s p e c i m e n ' s 6 preparation. CBCT images are three dimensional and provide more image accuracy. It has rapid scanning time (10-70 sec) and radiation dose is low (0.034-7 0.102mSv). 8 systems in different races. The lower molars with two roots usually have three canals but the incidence of fourth 2, [8] [9] [10] canal is also high. Mesial root has two canals and the distal root has one or two 4 canals. A study in Iran declared that 6% of teeth had three roots, 50% had four canals and 42% had three canals.8 In a study in Turkey evaluated conguration of root canal in lower rst permanent molar with the help of CBCT, they reported that type IV conguration was the most numerous 59.8%, type II was the second most common 32.5% in mesial root while type I was found in 73.5% cases and in 12.9% cases was type II in distal root for which Vertucci's A local study was done in 2015 by decalcication method. They have shown that 100% of permanent lower rst molar are two rooted. They also revealed that prevalence of three canals was 65.8% and four canals were 34.2% (two in each root). They also concluded that mesial root was dominated by type IV conguration (70.7%) followed by 5 type II (26.8%).
Different previous investigations have documented variations in root canal
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For successful root canal treatment, dentists must know the number of root canals, cleaned and irrigated them properly, and after that, ll the root canals with non reactive obturating material. If canal is missed during root canal treatment it will lead to failure of root canal treatment because it will be a 5,6 source of infection. Furthermore, there is also variation in root anatomy of permanent lower rst molar in different races. So this current study aims to e v a l u a t e c a n a l n u m b e r s a n d conguration of lower rst molar by CBCT method. CBCT images were analyzed using Scanora software version 3D. The contrast and brightness of the images were adjusted using the imaging process tool in the software to ensure optimal visualization. All the images were studied at axial and coronal planes by continuously moving the tool bar from the oor of pulp chamber to root apexes. The data collected were strictly used for research purpose and will be kept condential. The canal numbers and conguration were assessed and charted down in a predesigned check list according to the classication by 8 Vertucci. Sample size of 334 was taken for the study. All good quality CBCT images of permanent mandibular rst molar with intact pulp chamber, having close root apices in both genders were included in the study, while all with any treatment history, articial crown, fractured, sclerosed roots and three rooted permanent mandibular rst molars were excluded. Data was collected and analyzed using SPSS version 20. Means and standard
METHODS
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deviations were calculated for number of canals. Percentage was calculated for canal conguration. Post stratication for genders were carried out for number of canals and conguration of canals using Chi-square test. P<0.05 was considered signicant.
RESULTS
Of total 334 patients, 210 (62.9%) were males and 124 (37.1%) were females. The male to female ratio was 1.6:1. Frequencies and percentages of canals' number in mandibular rst permanent molar shows that three-canals were the m o s t f r e q u e n t ( 5 0 % ) c a n a l s i n permanent lower rst molar followed by four-canals (42.2%) and two-canals (7.8%). Stratied gender distribution in comparison with number of root canals is shown in 
DISCUSSION
The most common cause of root canal failure is to explore and debride the 11 whole canal. Undetected extra canal is also major cause for endodontic 12 treatment failure. A precise and accurate radiography is essential for diagnosis. Radiograph taken at different angles are required for evaluation of 13 root canal morphology and anatomy.
In the current study males were outnumbered than females. In our country, males are dominant, more outgoing and more visitors for endodontic treatment. The second reason that the female are more cautious about their oral hygiene and hence less prone to carious lesion. 9 Hussain U, et al. carried out a study on incidence of fourth canal in mandibular rst molars in Khyber College of Dentistry, Peshawar, their study shows similar to current study being males were more than females.
In current study CBCT was used to determine number and conguration of canals in permanent mandibular rst 14 molar at Peshawar. Mokhtari H, et al. in vitro study compared the accuracy of CBCT and with staining and clearing technique in determining root canal morphology of lower rst molars. They reported that clearing technique had more accuracy than cone beam CT because more accurate anatomy of the root canal system of lower rst molars can be obtained. But this study has limitation because it was in vitro. In vitro study, the clearing technique can be performed more easily as compared to in vivo. CBCT can reconstruct the 3-D structure of the entire root canal system to offer the dental specialist with a 15 precise image of root canal. CBCT is simple and non-invasive technique and can be done in any sort of clinical settings. The plus points of Cone Beam CT is; it is non-invasive, providing three-dimensional reconstruction for the whole canal system, radiation dose is much less, limiting imaging eld is feasible, an increase in image precision and resolution and a reduction in 16 artifacts.
Most of studies carried out in Pakistan only determined number of canals in rst permanent molars and based on conventional X-ray (SLOB rule) and 5, 9, 17 decalcication method. The current study addressed the number of canal as well as conguration based on CBCT method. In the present study three canals were the most numerous (50%) followed by four canals (42.2%). Two canals were found in (7.8%) cases only. 8 Shahi S, et al. conducted a study on Iranian population using extracted rst permanent molars and they reported that out of 209 teeth studied, 137 teeth (65.56%) had three canals, 66 teeth (31.57%) had four and 6 teeth (2.87%) had two canals. 9 Hussain U, et al. reported in a study on a sample of Peshawar population based on conventional X-ray (SLOB rule) that mandibular rst molar have three canals in 60% and four canals 40%. The small difference in frequencies of canal patterns is due to the fact in Hussain U, 9 et al. study, canal's frequencies were determined by house surgeons which have less experience. The second reason may be the lack of accurate diagnostic tool (e.g. CBCT). Another study conducted in Hyderabad, Pakistan, using SLOB rule showed that 36% of the mandibular rst molars have 17 four canals. 18 Huang CC, et al. used CBCT to determine the number of roots and canals in lower rst molars in 151 patients of Taiwan population. They reported that 56.1% had three canals, 40.5% had four, and 3.4% had two canals. These results are in consistence to the current study with same methodology used. 19 Nur BG, et al. determined the number of root canals and conguration of canals in lower rst permanent molar in Turkish population of south-eastern area with help of CBCT of 966 samples. They reported that 49.8% had four canals, 49.8% had three canals and 0.4% had ve canals. In contrast to this 19 study, Nur BG, et al. found fth canal in Turkish population as well. This may be due to genetic, environmental and ethnic variation. Accordingly in the current study about 7% patients had 19 two canals while the Nur BG, et al. reported none for two canals.
In the current study gender wise distribution for number of canals shows that in males, four canals patterns were the most common (51.4%) followed by three canals (45.7%) while in females three canals was most numerous (57.3%) followed by four canals (26.6%). This difference in frequencies of canals in both genders were statistically signicant (P=0.000). This unique difference may shows that number of canals is inuenced by X- 19 Nur BG, et al. in a study on southeastern Turkish population reported that the most common conguration in distal root of mandibular rst molar was type I followed by type II. These results are consistence with the current study.
In current study no statistical difference was found for distal root canal conguration between males and females. Similar results has been 21, 24 reported by others. In current study, both males and females, type II canal conguration was most common in mesial root. In male 63.8% and in females 55.6% have type II conguration. In both genders, type II was most numerous followed by type IV and then type I. This difference was not statistically signicant (P=0.104) The 21 research of Wasti, et al. and Gulabivala, 22 23 et al. Sertet, et al. also concluded that both gender and ethnic origin should be given due consideration during preoperative evaluation of endodontic therapy. Therefore, further studies are needed in different regions of the world to prove that there is a relationship b e t w e e n t h e r a c i a l a n d e t h n i c d i f f e r e n c e s a n d t h e a n a t o m i c differences in the lower rst permanent molars. 24 Torres A, et al. studied root canal conguration in mandibular rst molar in sample of Belgium and Chilean population using CBCT images of 515 mandibular molars. They determined the root canal conguration on basis of Vertucci classication. They reported that the most common congurations in the mesial root of both molars were type V (42%) and type III (33%). These results are different from the current study. The difference may due to genetic and ethnic variation. In contrast
CONCLUSION
